INTRODUCTION
Benign prostatic hyperplasia (BPH) and the associated lower urinary tract symptoms (LUTS) are very common conditions among urology patients and often require medical management. 1 The exact cause of BPH is unknown, and the only two established factors associated with BPH are age and the androgenic disequilibrium. [2] [3] [4] [5] [6] Many studies have suggested that sex steroids are involved in the development and maintenance of BPH and have tried to establish a relationship between sex steroids and BPH. Because sex hormones are thought to be an important determinant of prostate growth, they are also thought to contribute to the development and maintenance of LUTS secondary to BPH in aging men. [2] [3] [4] 7, 8 However, the results on the potential relationships between serum sex hormones and BPH/LUTS have not been consistent. [8] [9] [10] [11] [12] [13] Moreover, few studies have focused on patients who underwent transurethral resection of prostate (TURP). Therefore, we conducted a retrospective study of aging men who underwent surgery to examine the possible associations between sex steroid hormones, age,
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Indications of surgery
All patients were treated with monopolar TURP. The indications of TURP were provided as following: recurrent urinary retention, recurrent urinary tract infections, recurrent macroscopic hematuria, bladder stones or diverticula, or dilatation of the upper urinary tract with or without renal insufficiency ("Guidelines on benign prostatic hyperplasia version 2007" developed by Chinese Urological Association).
Laboratory examinations
Blood samples were taken between 8:00 and 11:00 a.m. to minimize the confounding effects of diurnal variations in the hormone concentrations before any rectal or urethral operations preoperatively. 8, 12, 14 All patients underwent DRE and TRUS. The total prostate volume was calculated using the prostate ellipsoid formula as follows: (π/6) × width of maximum transverse dimension × length of maximum anteroposterior dimension × height of maximum superoinferior dimension. 8, 12, 14 The prostate transitional zone volume was also calculated using the above formula. If the postoperative pathological results indicated prostate cancer, the subject was excluded from our study.
Utilized questionnaires
The IPSS, a validated 7-item questionnaire, was used to assess the patients' LUTS before surgery (Chinese version was from "Guidelines on benign prostatic hyperplasia version 2007" developed by Chinese Urological Association). The 7 items have an ordered categorical response that can be scored from 0 to 5, with an overall score of 0-35.
12, 14 The severity of symptoms was classified as mild (7 or less), moderate (8 to 19) or severe (20 or greater).
14 The IPSS storage subscores were evaluated by summing each patient's responses to questions 2 (frequency), 4 (urgency), and 7 (nocturia). The voiding symptoms scores were evaluated by summing each patient's responses to questions 1 (incomplete emptying), 3 (intermittency), 5 (weak stream), and 6 (straining).
12,14

Statistical analysis
The correlations between the different variables were first estimated using Spearman's correlation coefficients. Statistical significance was defined as P < 0.05. Spearman's rank correlation analysis was used to determine the relationship between LUTS (total IPSS, storage IPSS subscore, voiding IPSS subscore, nocturia IPSS subscore) and serum sex hormone levels. Moreover, we compared the IPSS severity groups with respect to TT. All statistical results were carried out using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Patients' characteristic
158 men with a mean age of 72.06 ± 8.68 years were included in our study. The endocrine parameters and clinical characteristics of the study population are shown in Table 1 .
IPSS and sex hormones
Based on the statistical analysis, the total IPSS was negatively correlated with TT (r = −0.21, P = 0.01) but was not correlated with any of the other sex hormones. Some interesting ratios such as E 2 /TT (r = 0.23, P = 0.00) and FSH/LH (r = −0.17, P = 0.04) were associated with total IPSS; however, there was no correlation between IPSS and the ratio of TT/LH (r = −0.14, P = 0.08) ( Table 2) .
IPSS subscores and sex hormones
Further analysis showed that the IPSS storage symptom scores were not correlated with the sex hormone serum levels, age, BMI, or prostate volume. However, the IPSS voiding symptom scores were positively correlated with prostate volume (r = 0.24, P = 0.00) and negatively correlated with TT (r = −0.20, P = 0.01). The nocturia score was positively correlated with age (r = 0.16, P = 0.04) and BMI (r = 0.21, P = 0.01) and negatively correlated with TT (r = −0.19, P = 0.02) ( Table 3) .
LUTS severity and TT
In addition, we divided the study sample according to LUTS severity: group I (7 < total IPSS <20) and group II (total IPSS ≥20) comprised 52 (32.91%) and 106 (67.09%) men, respectively ( Table 4 ). The median level of TT in the two groups was 13.31 nmoll −1 and 12.42 nmoll −1 , respectively. There was an increased risk of LUTS in men with lower serum concentrations of TT, although the mean level of testosterone was within the normal range.
DISCUSSION
LUTS in aging
LUTS are common in men and women, especially in aged populations. The etiology of male LUTS is complex and multifactorial. One of the most common causes of LUTS in older men is BPH. [15] [16] [17] It has a significant impact on the quality of life. 18 The spectrum of LUTS includes storage, voiding, and postmicturition symptoms. Storage symptoms are more common and more bothersome to the patient than are voiding symptoms. 15, 16 Nocturia, a kind of bladder storage problems, is one of the most common LUTS. Many researchers are trying to find the impact factors of storage and voiding symptoms. The results, however, are inconsistent or mixed. Martin et al. 19 found a relationship between storage symptoms and abdominal fat in a sample of men in Australia. However, Paick et al. 20 reported that BMI was not associated with LUTS. In recently published reviews, incidence of nocturia increases with age, obesity (as BMI), but it is not strongly correlated with prostate volume as determined by TRUS, the same to our results.
15,21
Sex hormones and BPH/LUTS
Previous studies have shown that plasma steroid hormones, especially androgens, have also been implicated in the development and maintenance of BPH. 22 However, it is not clear how sex hormones contribute to the LUTS secondary to BPH in older men. 23 Meanwhile, BPH/LUTS in some elderly men has been associated with diabetes, coronary heart disease, hypertension, obesity, and hypogonadism, among other conditions. These diseases may also affect the internal environment and are essentially characterized by an unbalance in circulating hormones. 24 Recent data have revealed modifiable risk factors (e.g., sex steroid hormones, diet, physical activity and inflammation) that present new opportunities for treatment and prevention. 1, 7, [25] [26] [27] In a cross-sectional study of 509 men aged 40-79 years, Liao et al. 12 reported that most of the IPSS items were not significantly associated with serum sex hormone levels; the exception was nocturia, which showed a negative correlation with serum testosterone level. Kim et al. 11 also found that TT level was significantly decreased in patients with ≥4 episodes of nocturia and that it was related to the presence of severe LUTS. The authors suggested that endogenous testosterone may have a beneficial role in lower urinary tract function and that a high frequency of nocturia may induce testosterone deficiency. 11 Other findings have supported these results and suggested that testosterone deficiency may be a pathophysiological mechanism that connects LUTS and metabolic syndrome in men. 14 In addition, some studies have indicated that LUTS occurs at an age at which plasma testosterone levels decline (in some men to hypogonadal levels). 28, 29 Normalizing testosterone levels in elderly men may improve LUTS, especially voiding disturbance. 28, 30, 31 Although the mechanism of action is not yet understood, it may be explained by an overactivity of the autonomic nervous system. It is known that androgen receptors are present in the epithelium of the urethra and bladder. Testosterone seems to play a key role in the reflex activity of the autonomic nervous system in the pelvis, or it may interact with postsynaptic nongenomic receptors, which increase bladder capacity and compliance and decrease detrusor pressure at maximum flow in men, to suppress detrusor activity. 32, 33 Furthermore, human neurons in the wall of the bladder contain nitric oxide synthase. Similar to testosterone in the penis, testosterone in the bladder impacts nitric oxide synthase. 28, 34 In this study, TT level appeared to be the dominant predictor of LUTS, especially of the nocturia subscore (nocturia). We also found that some ratios such as E 2 /TT and FSH/LH were associated with the total IPSS. Although the mean TT level was within the normal range, it was associated with the presence of severe LUTS. In contrast, the findings of Favilla and his group differed from our results. They selected 127 men with symptomatic BPH who underwent surgery and found that TT level was the only significant predisposing factor for LUTS. They suggested that high risk LUTS were more likely to develop in men with greater TT serum concentrations, although the mean TT level was within the normal range. 8 Moreover, other data reported no associations between serum sexual hormones and LUTS. Lee et al. 10 collected clinical information from the health examinations of 2308 middle-aged eugonadal men and found no correlation between TT and IPSS. In another large-scale study, 5506 adults aged 30-79 years were randomly divided into groups whose blood results, anthropometric measures, lifestyle and psychosocial factors, comorbidities and urological symptoms were recorded. Statistical analysis showed that after adjusting for age, circulating sex hormone levels were generally not significant predictors of urological symptoms in the men.
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Limitations
Certain potential limitations of this study should also be noted. First, the sample size was relatively small; thus, the study population might not accurately represent the underlying population. Second, the study was hospital-based, and data from the general population would have been preferable to data from the sample of hospital patients. Third, the study only included Chinese men; thus, cultural and sociodemographic factors may have affected our results. Multicenter and longitudinal studies are needed for stronger conclusions to be made. Fourth, the serum hormone levels were only measured once, which is similar to most of the previous studies. The single measurement provides an imperfect estimate of a subject's usual hormonal status and can be influenced by both individual errors and analytical errors. Two samples that are taken on two separate days may provide a more accurate estimate. Fifth, urodynamic assessment may provide greater insight into the potential mode of action of sexual hormones in influencing LUTS. Sixth, we did not adjust for systemic diseases other than hypertension, coronary heart disease, and diabetes; other diseases that were unaccounted for could also lessen the strength of our study.
CONCLUSION
In summary, the present results have shown that the severity of LUTS is associated with TT, E 2 /TT and FSH/LH. In subscores of IPSS, only nocturia correlated with age, BMI and TT. Endogenous testosterone may play a beneficial role on lower urinary tract function. Further sufficiently powered studies need to be conducted in various samples to gain a better understanding of the relationship between LUTS and sex hormones.
AUTHOR CONTRIBUTIONS
YW and HP gathered the data, performed the statistical analysis, interpreted the results, and drafted and revised the manuscript. JQ and HFH conceived and designed the study. WMW and DX coordinated and supervised the project and helped to draft the manuscript. LZ, ZQG, and QB participated in data collection. All authors have read and approved the final manuscript.
